The experiment was conducted to study the effect of different sources and doses of nitrogen application on the yield formation of boro rice. Two indica modern boro rice varieties (BRRI dhan28 and BRRI dhan36) and 21 nitrogen fertilizer combinations were used in the experiment. The experiment was laid out in split-plot design with three replications by assigning varieties in the main plots and nitrogen fertilizers in the sub-plots. The unit plot size was 4m  2m. Yield and yield contributing characters were measured. Among the two varieties BRRI dhan28 produced higher grain and straw yield. Grain and straw yields were increased with the increase of nitrogen rate up to 120 kg ha -1 at all the sources . In general, organic manures alone could not produce higher grain yield but the combination of organic and inorganic fertilizers produced higher yield. The application of 60 kg N ha -1 as urea with 60 kg N ha -1 as mustard oil cake (MOC) produced maximum grain and straw yield which was statistically similar to the yield of 50 kg N ha -1 as urea with 50 kg N ha -1 as MOC. The lowest values were found in control nitrogen application. The results suggest that replacement of 50% urea N by MOC was the best source of nitrogen considering higher yield of boro rice. Therefore, fertilization of BRRI dhan28 and BRRI dhan36 varieties of rice with 60 kg N ha -1 as urea and 60 kg N ha -1 as MOC or 50 kg N ha -1 as urea with 50 kg N ha -1 as MOC was found to be the best nitrogen rate among all the treatment combinations in respect of grain and straw yields.
Introduction
Rice (Oryza sativa) is the staple food for nearly half of the world's population as well as for 148.10 million people (AIS, 2008) of Bangladesh. Rice plays absolutely dominant role in Bangladesh agriculture as it covers 77.96 percent of total cropped area (AIS, 2007) . It contributes 14.6% to the national GDP (BBS, 2004) . The yield level of rice is very low (2.43 t ha -1 , BBS, 2004) compared to other rice growing countries like South Korea and Japan where the average yield is 7.00 and 6.22 t ha -1 , respectively (FAO, 1999) . It has already been reported that decreasing organic matter in farm soils has caused significant yield reductions (Islam, 1989) . The low yield of boro rice is due to several factors. Sources of N fertilizer are an important factor for obtaining higher yields.
It is well known that inorganic fertilizers supply only nutrients in soil but organic manure supplies nutrients and at the same time improves soil quality. The longterm impact of chemical fertilizers on soils and environment is harmful. Use of unbalanced nutrients in the soils may be harmful in the long run causing soils an unproductive one. It is true that sustainable production of crops cannot be maintained by using only chemical fertilizers and similarly it is not possible to obtain higher crop yield by using organic manure alone (Bair, 1990) . Proper identification and management of soil fertility problems are prerequisite for boosting crop production and sustaining higher yields over a long period of time.
So use of organic manure in integration with inorganic fertilizers is very important in improving soil fertility and crop productivity. But sufficient information is not available about appropriate sources of organic manure and proper combination of organic and inorganic fertilizers suitable for rice based cropping system in Bangladesh to increase yield and improve soil fertility. Among the available organic sources of N, cow dung and mustard oil cake are rich in N content. Cow dung is the commonly practiced organic manure for crop cultivation in Bangladesh. It is an important source for supplying nutrients for crop production and is recognized as a substitute for inorganic fertilizers (Sharma and Mitra, 1991) . The long-term research of BRRI reveals that addition of cow dung at the rate of 5 t ha -1 improved the rice productivity as well as prevented the soil resources from degradation (Bhuiyan, 1994) . Moreover, use of cow dung not only acts as a source of N and other nutrients but also increase the efficiency of applied nitrogen (Sarvanan et al., 1987) .
Nitrogen is the key element for crop production and it is required in larger amount compared with other fertilizers but it is a costly item when it is derived from artificial sources. But adding organic material from easy and available sources can minimize the cost. De Datta et al. (1981) reported that the low fertility of rice soils and a limited supply of inorganic fertilizers are the major constraints to increase rice yield in South and Southeast Asia. Improper use of fertilizers may reduce the yield of rice in spite of increasing the nitrogen rates. Efficient fertilizer management gave higher yield of crops and reduced fertilizer cost. (Hossain and Islam,1986) . But the amount of fertilizer is in appropriate in most cases due to lack of proper knowledge and over 97% of the farmers do not follow the recommended dose of fertilizer (Hossain et al. 1981) . It is essential to find out the optimum rate of nitrogen application for efficient use of this element by the plants for better yield.
Effort is needed to formulate an input package with a combination of organic and inorganic fertilizers. So that it will be technically effective and feasible, economically viable, socially and environmentally acceptable. But the research work for the use of cow dung and mustard oil cake as a source of N is rare. Therefore, the present study was conducted to evaluate the effect of organic and synthetic nitrogen and their combination on productivity of boro rice and the replacement of chemical fertilizer by organic fertilizer. Five hills (Except the two border rows hill and central 1m 2 area) were selected randomly from each plot prior to harvest for collecting data on crop characters. The grain, straw, biological yields and harvest index were recorded from one square meter area of each plot at harvest. The data were analyzed statistically and adjudged the mean differences by Duncan`s New Multiple Range Test (DMRT) (Gomez and Gomez, 1984) with the help of computer package MSTAT-C.
Materials and Methods

Results and Discussion
Results showed that most of the yield components i.e. bearing tillers hill , 1000-grain weight, grain yield, straw yield and biological yield studied were significantly influenced due to varieties. All the yield components studied varied significantly due to the application of different sources and doses of nitrogen. 
Plant height
Plant height did not vary significantly due to varieties (Table 1) but it was varied significantly due to different sources and doses of nitrogen ( Shamsuddin et al. (1988) and BINA (1993) . Increasing levels of nitrogen up to 120 kg N ha -1 increased the plant height ( Table 2 ). The increase in plant height due to application of increased level of nitrogen might be associated with stimulating effect of nitrogen levels on various physiological processes including cell division and cell elongation of the plant. These results are agreed with that of Kumar et al. (1995) . Plant height did not show significant variation by the interaction of variety and nitrogen sources and doses (Table 3) .
Number of bearing tillers hill -1
Number of bearing tillers hill -1 differed significantly due to variety. BRRI dhan28 and BRRI dhan36 produced higher (9.28) and lower (8.36) number of bearing tillers hill -1 respectively (Table 1) . Number of bearing tillers hill -1 was significantly influenced by different doses and sources of nitrogen application. The maximum number of bearing tillers hill -1 (12.34) was found in the application of 60 kg N ha -1 as Urea + 60 kg N ha -1 as MOC (T 21 ) followed by T 19 (120 kg N ha -1 as MOC) and T 16 (50 kg N ha -1 as Urea + 50 kg N ha -1 as MOC) and the lowest number of bearing tillers hill -1 (5.45) was found in control ( Table 2 ). The reasons for differences in producing bearing tillers hill -1 might be due to the variation in genetic make-up of the variety that might be influenced by heredity. This was consistent with Chowdhury et al. (1993) . The number of bearing tillers increased with the increase of nitrogen levels up to 120 kg N ha -1 from all the sources. Variations in the number of bearing tillers among the different N sources were mainly due to their variations in the availability of N and other nutrients. Adequacy of nitrogen probably favored the cellular activities during panicle formation and development that led to increased number of bearing tillers hill -1
. Gosh et al. (1991) was obtained from the interaction of V 2 ×T 1 ( Table 3) .
Non-bearing tillers hill -1
The results revealed that there was significant difference in number of non-bearing tillers hil -1 between two rice varieties of obtaining 3.51 at BRRI dhan28 and 3.03 at BRRI dhan36 (Table 1 ). The number of non-bearing tillers hil -1 varied significantly due to different sources and doses of nitrogen (Table 2 ). It was observed that the highest non-bearing tillers hill -1 (4.81) was found in the application of 120kg N ha -1 as Cowdung followed by T 18 (100 kg N ha -1 as Cowdung) and the lowest 2.33 at control. There was no significant difference in the interaction effect of variety and sources and doses of nitrogen on number of non-bearing tillers hill -1 (Table 3) .
Panicle length
Result showed the significant difference of panicle length between two varieties. BRRI dhan28 produced higher panicle length of 22.84 cm and the lower panicle length (20.47cm) was found in BRRI dhan36 (Tables 1). Panicle length was also highly significant for different nitrogen sources and doses. The highest panicle length 24.68 cm was found in T 19 (120 kg N ha -1 as MOC) and the lowest panicle length (20.47cm) was found in control treatment ( Table 2) . The variation as assessed might be due to genetic characters of the varieties primarily influenced by the heredity. Diaz et al. (2000) also reported that panicle length varied among varieties. Results showed that panicle length increased with the increase of nitrogen rate. Nitrogen nutrient took part in panicle formation as well as elongation and for this panicle length increased with increase of N-fertilization. Idris and Matin (1990) reported similar results. Panicle length was significantly influenced by the interaction between variety and sources and doses of nitrogen. The longest panicle was found in the combination of V 1 ×T 21 (BRRI dhan28 with 60 kg N ha -1 as Urea + 60 kg N ha -1 as MOC) but the shortest panicle was produced in V 1 ×T 1 combination (BRRI dhan28 with control treatment) ( Table 3) .
Number of grains panicle -1
Number of grains panicle -1 was significantly influenced by the variety. The highest number of grains panicle -1 (115.00) were observed in BRRI dhan28 and the lowest number of grains panicle -1 (111.00) was found in BRRI dhan36 (Tables 1). There was a marked influence on number of grains panicle -1 by different levels and sources of nitrogen. The highest number of grains panicle -1 (142.27) was observed in 100 kg N ha -1 as MOC (T 14 ) followed by T 19 and the lowest (86.11) was in control (Table 2) . Varietal variation regarding the number of filled grains panicle -1 might be due to their variation in genetic constitutions and also due to variation in photosynthetic assimilate accumulation especially after heading. Moula (2002) reported variable number filled grains panicle -1 . Adequate supply of nitrogen contributed to grain formation, which probably increased number of grains panicle -1 with increasing nitrogen level. The present results explicitly confirm the similar results obtained by Chander and Pandey (1996) who recorded the highest number of grains panicle -1 at 120 kg N ha -1 . Bhuiya et al. (1989) also recorded the positive influence of nitrogen level on the production of number of grains panicle -1 . Significant influence was found on the number of grains panicle -1 due to the interaction effects between variety and sources and doses of nitrogen. The highest number of grains panicle -1 was found in the interaction of V 1 ×T 14 (BRRI dhan28 with 100 kg N ha -1 as MOC) but the lowest number of grains panicle -1 was produced in V 2 ×T 1 combination (BRRI dhan36 with control treatment) ( Table 3) .
Sterile spiklets panicle -1
The number of sterile spikelets panicle -1 varied significantly between two varieties. The highest sterile spikelets panicle -1 13.48 was found in BRRI dhan36 and the lowest 12.35 was obtained from BRRI dhan28 (Table 1) . This variation might be due to genetic characteristics of the varieties. Nitrogen sources and doses were highly significant for sterile spikelets panicle -1 . Among the nitrogen sources and doses, it was the highest (15.40) at 120 kg N ha -1 as cow dung (T 18 ) followed by T 20 (60 kg N ha -1 as Urea + 60 kg N ha -1 as cow dung) and the lowest (9.10) was found at T 9 (80 kg N ha -1 as MOC (Table 2) . Among the nitrogen sources, the maximum number of sterile spikelets panicle -1 was found in 120kg N ha -1 as cow dung (T 18 ) and the lowest one was obtained from 80 kg N ha -1 from MOC (T 9 ). Similar result was found by BRRI (1985) who reported that the application of only cow dung as a nitrogen source increased the sterility percentage (22%) over control (13%). The number of sterile spikelets panicle -1 varied significantly between the interaction effect of variety and sources and doses of nitrogen. The highest number of sterile spikelets panicle -1 was found in the combination of V 2 ×T 3 ((BRRI dhan36 with 60 kg N ha -1 as MOC) (Table 3) .
Thousand grain weight
There was no significant variation for weight of 1000-grain in two rice varieties (Table 1) . Application of different sources and doses nitrogen showed significant effect on 1000-grain weight. The highest 1000-grain weight 24.50g was found in T 19 (120 Kg N ha -1 as MOC) followed by T 14 (100 Kg N ha -1 as MOC) and the lowest 1000 grain weight (22.08g) was observed in T 2 (60 Kg N ha -1 ) ( Table 2 ). The variation in 1000-grain weight might be due to differences of length and breath of the grains that were partly controlled by genetic makeup of the variety under study. Chowdhury and Ghosh (1978) stated that 1000-grain weight highly varied due to variety ranged from 9.00 g to 23.00 g fine and scented rice varieties. The interaction effect due to variety and sources and doses of nitrogen did not affect the 1000-grain weight significantly (Table 3) .
Grain yield
Varieties under study showed significant variation in grain yield. BRRI dhan28 produced higher grain yield 4.62 t ha -1 and BRRI dhan36 produced lower 4.34 t ha -1 (Table 1) . Not only the number of effective tillers hill -1 , length of panicle, number of filled grains panicle -1 , 1000 grain weight were maximum which probably caused the highest grain yield. The yield of rice mainly depends on the yield contributing characters like the number of effective tillers hill -1 , number of grains panicle -1, weight of individual grain or thousand grains weight and number of spikelet sterility. Physiological parameters also play an important role on rice yield, which was supported by Cui-Jing et al. (2000) . They obtained that higher rice yield possible by increasing total dry matter and harvest index. Grain yield differences due to varieties were also reported by Biswas et al. (1998) (Table 2) . Results revealed that a combination of organic and inorganic N sources resulted in comparable better rice yields. The grain yield progressively increased with the increase of organic manure. It might be due to the presence of organic manure that enhanced the effectiveness of chemical fertilizer. Liu et al. (1990) stated that the use of organic fertilizers in addition to chemical fertilizer increased soil OM and total N, increased the effectiveness of soil P. The increase in yield might be due to the contribution of more number of effective tillers hill -1 , panicle length, number of grains panicle -1 and 1000 grain weight. Balasubramaniyan (1984) reported that number of tillers hill -1
, number of grains panicle -1 and 1000-grain weight and ultimately the grain yield per unit area increased with increasing nitrogen application up to a range of 80 kg to 120kg N ha -1
. Similar trend was also observed by Karmakar and Ali (2006) and Islam et al. (2007a and b) . Grain yield was insignificant due to the interaction between variety and sources and doses of nitrogen (Table 3) .
Straw yield
Straw yield varied significantly due to variety. BRRI dhan28 and BRRIdhan36 produced higher (5.25 t ha -1 ) and lower (4.93 t ha -1 ) straw yield respectively (Table 1) . Straw yield varied significantly by the application of different sources and levels of nitrogen. The highest straw yield (6.34t ha -1 ) was observed in T 21 (60 kg N ha -1 as Urea + 60 kg N ha -1 as MOC) followed by T 19 (120 kg N ha -1 as MOC) and the lowest straw yield (3.48 t ha -1 ) was obtained from control ( Table 2 ). The reasons for higher straw yield in the variety of BRRI dhan28 was due to its higher plant height and total tillers hill -1 i.e. the combined effect of plant height and tiller number. This result was supported by Chandra et al. (1992) who reported difference straw yield among varieties. Straw yield increased with the increase of N levels. Similar results were found by Karmakar and Ali (2006) and Islam et al. (2007a and b) . Straw yield varied significantly due to the interaction of variety and sources and doses of nitrogen. The interaction effect of BRRI dhan28 with 60 kg N ha -1 as Urea + 60 kg N ha -1 as MOC (V 1 ×T 21 ) gave the highest straw yield which was statistically identical to V 1 ×T 20 but the lowest straw yield was obtained from the interaction of V 2 ×T 1 ( Table 3) .
Harvest index
Harvest index did not vary due to varieties but varied significantly by the application of different sources and doses of nitrogen (Tables 1 and 2 ). The highest harvest index 48.68% was found in T 14 (100 kg N ha -1 as MOC) followed by T 16 (50 kg N ha -1 as urea + 50 kg N ha -1 as MOC) and T 19 (120 kg N ha -1 as MOC). The lowest harvest index (41.90%) was found in control. Insignificant influence was observed on HI due to the interaction effect of variety and sources and doses of nitrogen (Table 3) .
Conclusions
For improvement and sustenance of rice productivity, integrated use of synthetic N and organic N sources is needed to be practiced. Besides the conventional sources of organic N like FYM and green manure, non-conventional sources like mustard oil cake can be used in rice field as a good source of organic N. Based upon the findings of the study following conclusions can be drawn: BRRI dhan28 produced higher yields than BRRI dhan36. In general, organic manures alone could not produce higher grain yield but the combination of organic and inorganic fertilizers produced higher yield. The application of 60 kg N ha -1 as urea with 60 kg N ha -1 as mustard oil cake produced the highest grain and straw yields which were statistically identical to the yield of 50 kg N ha -1 as urea with 50 kg N ha -1 as mustard oil cake. It was further observed that replacement of 50% urea N by MOC was the best source of nitrogen considering higher yield of boro rice.
